Conflicting results are reported for maintenance treatment with bevacizumab during chemotherapyfree intervals (CFI) in metastatic colorectal cancer after induction chemotherapy.
INTRODUCTION
The prognosis of patients with metastatic colorectal cancer (mCRC) has been significantly improved by the use of several chemotherapy drugs, regardless of the sequence. 1 The addition of bevacizumab to first-line irinotecan plus fluorouracil chemotherapy resulted in a prolonged overall survival (OS) 2 and became a standard of care in mCRC. The duration of first-line combination chemotherapy is a matter of controversy because of the toxicity that occurs with prolonged treatment. The introduction of chemotherapyfree intervals (CFIs) was proposed in different studies with oxaliplatin-or irinotecan-based first-line chemotherapy. [3] [4] [5] More recently, several studies evaluated maintenance treatment with bevacizumab alone or in combination with fluoropyrimidine after induction chemotherapy. [6] [7] [8] [9] All these studies, except one, investigated maintenance treatment or CFI without any treatment after oxaliplatin-based induction chemotherapy. Only the study by Koeberle et al 8 included some patients treated with irinotecan-based induction chemotherapy. The primary end points varied across the studies, and none of them showed any difference in OS with respect to different strategies, except in the results of subgroup analysis. Maintenance with bevacizumab alone is attractive because it is a well-tolerated treatment in monotherapy. Nevertheless, previous results for bevacizumab used alone as maintenance therapy are conflicting. One study demonstrated the noninferiority of bevacizumab alone compared with fluoropyrimidine combined with bevacizumab with respect to the time to failure of the strategy, but did not show any improvement in the time to failure of the strategy when bevacizumab was compared with no treatment. 7 Another study failed to demonstrate the noninferiority of bevacizumab alone compared with continuation of induction chemotherapy with respect to progression-free survival (PFS). 6 However, bevacizumab monotherapy failed to show efficacy when given after front-line chemotherapy with irinotecan and a fluoropyrimidine. 10 In the randomized phase III PRODIGE 9 study, we aimed to assess the tumor control duration (TCD) with bevacizumab maintenance treatment or no treatment after irinotecan-based induction chemotherapy combined with bevacizumab.
PATIENTS AND METHODS

Patient Selection and Study Design
This open-label, randomized, multicenter, phase III study was conducted by the Fédération Francophone de Cancérologie Digestive and the PRODIGE (Partenariat de Recherche en Oncologie DIGEstive) intergroup in 66 French centers. The study design has been previously published, 11 and the protocol is provided in the Data Supplement. Main eligible criteria were histologically proven, nonresectable mCRC, WHO status # 2, life-expectancy $ 3 months, and absence of previous chemotherapy or antiangiogenic therapy for metastatic disease. The study was approved by the Committee for the Protection of Persons Ile de France VIII. The trial was registered on ClinicalTrials.gov (NCT00952029).
Patients were randomly assigned to either induction chemotherapy plus bevacizumab followed by bevacizumab monotherapy in each CFI (maintenance arm) or to induction chemotherapy plus bevacizumab followed by no treatment in each CFI (observation arm). Patients were randomly assigned between the two treatment groups according to a ratio of one to one and using minimization techniques, taking into account the following stratification factors: site, previous primary tumor resection, and Köhne scoring (low versus intermediate versus high). 12
Treatment Plan and Evaluation
Induction chemotherapy consisted of 12 cycles of fluorouracil, leucovorin, and irinotecan (FOLFIRI; irinotecan 180 mg/m 2 , leucovorin 400 mg/m 2 , fluorouracil bolus 400 mg/m 2 followed by fluorouracil 2,400 mg/m 2 in continuous infusion for 46 hours) plus bevacizumab 5 mg/kg every 2 weeks. The disease status was assessed by computed tomography scan every 8 weeks and by clinical evaluation every 2 weeks. At the end of the induction treatment, patients with stable disease or with a tumor response according to Response Evaluation Criteria in Solid Tumors (RECIST) criteria were either treated with bevacizumab monotherapy 5 mg/kg every 2 weeks (maintenance arm) or received no antitumor treatment (observation arm). When progression according to RECIST criteria occurred during the CFI, a sequence of eight cycles of FOLFIRI plus bevacizumab was reintroduced. If disease control had been achieved with these eight cycles, they were followed by another CFI (with bevacizumab monotherapy in the maintenance arm or no treatment in the observation arm). These sequences were repeated until progression occurred during chemotherapy. Throughout the entire treatment, including the chemotherapy sequence and the CFI, clinical and radiologic assessment was performed every 8 weeks or at any time progression was suspected. Safety was evaluated by means of laboratory and clinical testing before each cycle, during chemotherapy sequences, and before each bevacizumab infusion (maintenance arm) or every 8 weeks (observation arm) during CFIs. Adverse events were graded according to the National Cancer Institute Common Toxicity Criteria, version 2.0. KRAS, NRAS, and BRAF status was recorded after inclusion on the basis of determinations performed locally. Quality of life (QOL) was assessed using the Quality of Life Questionnaire C30 (QLQ-C30) from the European Organization for Research and Treatment of Cancer before randomization and every 8 weeks thereafter. 13 After progression during a chemotherapy sequence, the choice of second-line and additional treatment was at the discretion of the investigator.
Outcomes
The primary end point was TCD, defined as the time elapsed between randomization and tumor progression during a chemotherapy sequence. Patients who did not progress during the chemotherapy sequence were censored at their last follow-up within the protocol or censored at the initiation of second line of chemotherapy or other therapeutic strategy. Patients with R0 resection or R1 resection without chemotherapy were censored at the date of surgery, and patients lost to follow-up were censored at the date of last news.
Secondary end points were PFS, defined as the time between randomization and first progression or death by any cause, and time to treatment failure, defined as the time between randomization and definitive discontinuation of the protocol treatment, whatever the cause. Patients alive and still under treatment were censored at date of last news; OS, defined as the time between randomization and death by any cause; duration of the first CFI, defined as the time between the end of induction chemotherapy and the first reintroduction of chemotherapy or the date of the last injection in the maintenance arm; total duration of CFIs, defined as the sum of the duration of successive CFI; objective response rate, defined according to RECIST 1.1 criteria; toxicity; and QoL assessed by the QLQ-C30 form completed at each evaluation. 11 Because the randomization was performed before the induction chemotherapy, a significant number of patients were not fit enough to be subject to the CFI and reintroduction strategy. Since our study was designed, two other trials have been published, which showed that only 56% and 65% of patients screened before induction were enrolled into a trial designed to include maintenance or CFI. 7, 14 Thus, we decided to perform an exploratory per-protocol analysis to describe our strategy in the subgroup of patients eligible for maintenance or CFI. The per-protocol population was defined as patients with at least one reintroduction of chemotherapy subsequent to a first disease progression during CFI.
Statistical Analyses
All efficacy analyses were based on a modified intent-to-treat analysis, defined as patients who had received at least one dose of the treatment, and a per-protocol analysis. TCD, OS, and PFS were analyzed using the unstratified Kaplan-Meier method. Treatment arms were compared using the conventional log-rank test. Sensitivity analyses with the stratified Cox model on the resected tumor and Köhne criteria (stratification factors at baseline) were also performed for TCD, OS, and PFS. The hypothesis was to extend from 10 to 14 months the median TCD with the maintenance of bevacizumab during CFI (hazard ratio [HR], 0.714). With a two-sided a risk of 5%, and a power of 90%, 396 events were required. Taking into account an interim analysis (IA) at 50% of the events and an assumption of 10 inclusions per month, and with a percentage of patients lost to followup of 10%, 492 patients had to be enrolled. 11 The data collected were analyzed at the Centre de Randomization, Gestion Analyze of the Fédération Francophone de Cancérologie Digestive. The follow-up ended in December 2016. Final analyses were performed on a database frozen in January 2017.
RESULTS
Between March 2010 and July 2013, 494 patients were randomly assigned to either FOLFIRI plus bevacizumab induction chemotherapy followed by bevacizumab maintenance during CFI (n = 247) or to the same induction chemotherapy followed by observation during CFI (n = 247) (Fig 1) . An IA was performed as planned in the protocol after 203 events had been observed in March 2014. The IA showed no significant improvement of TCD with maintenance therapy. At the time of this analysis, the recruitment was completed so the IA had no effect on it. Investigators continued the follow-up of their patients according to the protocol. Baseline patient characteristics were well balanced between the two treatment groups ( Table 1 ). The median follow-up was 51.2 (interquartile range [IQR], 48.8 to 58.8) months in the maintenance arm and 54.9 (IQR, 50.1 to 60.6) months in the observation arm. Six patients still remain in treatment (three in the maintenance arm and three in the observation arm), and 94 patients (19.3%) are alive, 46 (18.8%) in the maintenance arm and 48 (19.8%) in the observation arm.
Disease progression or death during induction chemotherapy occurred in 85 patients (17%), 39 (15.9%) in the maintenance arm and 46 (18.9%) in the observation arm. Chemotherapy reinduction after first progression during CFI was performed in 64.7% of the patients, who had not experienced progression during induction chemotherapy (60.2% in the maintenance arm and 69.5% in the observation arm). Eighty-two patients in the maintenance arm and 60 patients in the observation arm were alive or without progression after induction chemotherapy but did not undergo reinduction of FOLFIRI plus bevacizumab (Fig 1) . The percentage of patients able to receive a second sequence of chemotherapy was not significantly different between the two arms, but more patients received a third sequence in the observation arm ( Table 2 ). The median total number of chemotherapy cycles was 13 (IQR, 12 to 20) in the maintenance arm and 16 (IQR, 12 to 24) in the observation arm.
The median TCD was 15 months in both arms (HR, 1.07; 95% CI, 0.85 to 1.34; P = .57; Fig 2A) . The median PFS was 9.2 months in the maintenance arm and 8.9 months in the observation arm (HR, 0.91; 95% CI, 0.76 to 1.09; P = .316; Fig 2B) . The 12-month PFS was 30.2% (6 2.9) in the maintenance arm and 21.01 (6 2.6) in the observation arm. The median time to treatment failure was 11.1 months in the maintenance arm and 12.1 months in the observation arm (HR, 1.17; 95% CI, 0.97 to 1.40; P = .092). The median duration of first CFI was 4.1 months in the maintenance Flow chart. CFI, chemotherapy-free intervals; ITT, intent to treat; ITTm; modified intent to treat; PP, per protocol; PS, performance status. (*) Other reasons: intercurrent event or contra-indication (n = 9); metastasis surgery (n = 6); primary or other surgery (n = 5); lost to follow-up (n = 4); PS alteration (n = 5). ( †) Other reasons: intercurrent event or contra-indication (n = 6); metastasis surgery (n = 2); primary or other surgery (n = 6); lost to follow-up (n = 2); PS alteration (n = 1). jco.org arm and 4.2 in the observation arm. The median total duration of cumulative CFI was 4.9 months in the maintenance arm and 5.5 months in the observation arm, but in the case of patients with at least two successive CFIs, these values were 8.6 months and 10.7 months, respectively. The median OS was 21.7 months in maintenance arm and 22 months in the observation arm (HR, 1.07; 95% CI, 0.88 to 1.29; P = .500; Fig 2C) . The best response was a partial or complete tumor response in 53.0% of patients in the maintenance arm and 56.5% of patients in the observation arm. Second-line treatment and the R0 resection rate were similar in both arms ( Table 2) .
The per-protocol analysis was performed on 261 patients (53% of all enrolled patients). In this population, the median TCD was 17.8 months in the maintenance arm and 23.3 months in the observation arm (HR, 1.16; 95% CI, 0.86 to 1.57; P = .339). The PFS was 9.9 months in the maintenance arm and 9.5 months in the observation arm (HR, 0.89; 95% CI, 0.70 to 1.13; P = .339). The median duration of first CFI was 4.3 months in both arms. The median OS was 27.6 months in the maintenance arm and 28.5 months in the observation arm (HR, 1.11; 95% CI, 0.86 to 1.45; P = .424).
Univariable analyses for TCD, PFS, and OS are presented in the Appendix (Tables A1, A2 , and A3, online only). Multivariable analysis revealed that female gender, WHO performance status $ 2, and unresected primary tumor were associated with a shorter TCD. WHO performance status $ 2, unresected primary tumor, and age older than 65 years were associated with a shorter OS ( Table 3) .
Results of the subgroup of patients with tumor BRAF status available are listed in Appendix Table A4 . Subgroup analysis revealed no condition favoring bevacizumab maintenance for either TCD (Appendix Fig A1, online only) , PFS (Appendix Fig A2, online only), or OS (Appendix Fig A3, online only) .
Treatment-related adverse events of grades 3, 4, and 5 were observed in 80% of patients in the maintenance arm and 79% of patients in the observation arm (Table 4 ). More toxicities, and especially cardiovascular toxicities, were observed in the maintenance arm during the CFI. QoL was assessed only in 162 patients in the maintenance arm and 173 patients in the observation arm. No significant difference was observed between arms. The median time to QoL global degradation was 14.7 (95% CI, 11.9 to 18.1) months in the maintenance arm and 14.4 (95% CI, 12.7 to 19.4) months in the observation arm. It was 3.7 (95% CI, 2.3 to 5.2) months and 5.1 (95% CI, 3.6 to 8.0) months for the physical functional subscale and 19.8 (95% CI, 17.8 to 24.1) months and 21.5 (95% CI, 15.4 to 21.1) months for the asthenia subscale in the maintenance and observation arms, respectively.
DISCUSSION
The PRODIGE 9 trial investigated bevacizumab alone as maintenance treatment after induction chemotherapy and after each reinduction sequence. This is the first trial to have addressed this strategy in a large number of patients treated with irinotecan-based induction chemotherapy. This strategy resulted in a unexpected prolonged TCD in both arms compared with our initial hypotheses. 11 Our trial failed to demonstrate a difference in TCD between the two treatment strategies of administering and not administering bevacizumab monotherapy during the maintenance period. In the AIO 0207 trial, the time to failure of the strategy after induction chemotherapy did not differ significantly between the bevacizumab monotherapy arm (6.1 months) and the observation arm (6.4 months). 7 Thus, the results of both trials are concordant. In the AIO 0207 trial, PFS after induction chemotherapy was slightly but significantly improved by bevacizumab compared with observation (4.6 v 3.5 months; P = .0018). 7 In the SAKK 41/06 trial, the time to progression was 4.1 months in the bevacizumab arm and 2.9 in the observation arm, but the difference was not significant. 8 The computed tomography or magnetic resonance imaging scans were performed every 6 weeks in the AIO 0207 and SAKK 41/06 trials, but every 8 weeks in the PRODIGE 9 trial. Thus, it cannot be ruled out that the PRODIGE 9 trial design was unable to detect a small difference in the time to first progression between patients treated with bevacizumab and those in the observation group.
The OS was not modified by bevacizumab monotherapy compared with observation after induction chemotherapy in the PRODIGE 9 trial as in the two previous randomized trials that made this comparison. 7, 8 Furthermore, in our trial, subgroup exploratory analyses did not find any subgroup benefitting from bevacizumab maintenance treatment. Altogether, it could be concluded that bevacizumab monotherapy after induction chemotherapy in mCRC has little or no beneficial effect.
It is suspected that discontinuation of bevacizumab promotes a rebound in cancer growth. . 1 v 1) monotherapy maintenance did not delay reprogression. From a health care economic point of view, avoiding unnecessary bevacizumab treatment can result in substantial cost savings. Several large phase III trials addressed the question of maintenance therapy previously. 3, 7, 9 Comparison of OS across trials is difficult because of different trial schedules and times of randomization, which occurred before or after induction chemotherapy; in addition, we enrolled only patients with definitively nonresectable metastases and patients were not selected according to RAS mutation, contrary to other recent phase III trials. 15, 16 The question of a detrimental effect of CFI could be raised but was not assessed by the PRODIGE 9 trial. The patient selection rules to give a maintenance treatment or a CFI without any treatment deserve additional evaluation. Moreover, patients with BRAF mutations should probably not be enrolled in a de-escalation strategy because of their distinct biology and a poor prognosis compared with the rest of the population.
Chemotherapy reinduction after first progression during CFI was performed in 53% of the modified intent-to-treat population, but this proportion reached 69.5% in the subgroup of patients with no disease progression during induction chemotherapy in the observation arm. This is a higher proportion than in the observation arm of the AIO 0207 trial (36%) but comparable to that in the CAIRO 3 trial (58%). In these previous trials, as in PRODIGE 9, investigator decision is frequently observed and suggests that some investigators are reluctant to use the reinduction strategy. The planned duration of induction chemotherapy was 24 weeks in the AIO 0207 trial, 18 weeks in the CAIRO 3 trial, and 24 weeks in the PRODIGE 9 trial. Given the lack of cumulative toxicity, especially neurotoxicity, reinduction using irinotecan-based chemotherapy may be more feasible than using oxaliplatin-based chemotherapy. It was possible to perform several reinductions of chemotherapy in some patients, resulting in a prolonged TCD. It is noteworthy that fewer successive reinductions of chemotherapy took place in the maintenance arm. Although there is not a clear explanation for this finding, it may have affected the primary end point. We observed more toxicities and especially cardiovascular toxicities in the maintenance arm during the CFI. This is in line with the result observed with the bevacizumab monotherapy arm in the study by Giantonio et al, 10 with more than 30% of patients with any grade 3 to 4 toxicity and more than 8% with cardiovascular grade 3 to 4 toxicity. This increased toxicity in the maintenance arm might partly explain the lack of reinduction of chemotherapy in this arm. Nevertheless, we could not rule out that part of this increasing toxicity could be a result of more intensive monitoring of adverse events in the maintenance arm.
In the PRODIGE 9 trial, unresected primary tumor, WHO performance status . 2, BRAF mutation, and more than one metastatic site were associated with a shorter OS. Tumor BRAF mutation was also reported as a poor prognostic factor in previous trials. 7, 17 This finding encourages the conduct of a specific trial in this subgroup of patients. An unresected primary tumor was associated with poor OS in several mCRC first-line chemotherapy trials. 18 Moreover, in the CAIRO 3 trial, a better OS was observed in patients with metachronous metastases and in patients with synchronous metastases but with a resected primary tumor than in those without a resected primary tumor. Interestingly, in this trial, the OS benefit of maintenance chemotherapy with bevacizumab compared with observation was mainly obtained in patients with synchronous metastases but with a resected primary tumor. 9 A poorer prognosis was reported for patients with a rightsided tumor compared with those with a left-sided tumor. 19 In the PRODIGE 9 trial, univariable analysis showed a right-sided tumor to be significantly associated with a poor OS compared with a rectal tumor, but this was not demonstrated in multivariable analysis. However, age older than 65 years was associated with a poor prognosis in multivariable analysis. Thus, age seemed to be more related to prognosis than primary location. However, the prognostic value of primary location seemed more important when therapy targeting anti-epidermal growth factor receptor rather than bevacizumab was used as front-line treatment. 20 Nevertheless, all the results derived from primary location should be viewed with caution because the analysis was a subgroup post hoc analysis.
In previous trials that have compared maintenance chemotherapy with observation after induction chemotherapy combined with bevacizumab, maintenance treatment had no significant effect on OS. [7] [8] [9] Thus, observation or maintenance chemotherapy with fluoropyrimidine combined with bevacizumab are valuable options. Moreover, in the PRODIGE 9 trial, we observed that the strategy of reinduction with irinotecan-based chemotherapy combined with bevacizumab resulted in a prolonged TCD and OS. 
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